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T h i s t h e s i s contains an account of some of the 
work undertaken by the author while a member of the 
High Energy Nuclear P h y s i c s Group at the U n i v e r s i t y 
of Durham. The f i r s t p a r t of t h i s t h e s i s d e s c r i b e s 
the procedures used to obtain a sample of events 
xtfhich correspond to a p a r t i c u l a r r e a c t i o n cheinnel. 
The d a t a used vras obtained from the r e s u l t s of an 
experiment u s i n g 12 GeV/c p o s i t i v e pions i n t e r a c t i n g 
i n the C.E.R.N. Deuterium Bubble Chamber. The f i v e 
l a b o r a t o r i e s which c o l l a b o r a t e d i n the experiment 
were Durham, Genoa, Milano, LPHNE ( P a r i s ) and 
E c o l e Polytechnique ( P a r i s ) . 
The second p a r t of the t h e s i s d e s c r i b e s the 
a p p l i c a t i o n and r e s u l t s of a Van Hove a n a l y s i s of 
the d a t a sample. The a n a l y s i s shotfs a good 
c o r r e l a t i o n between the p r e d i c t i o n s of simple Feynman 
diagrams and the events which populate the 
corresponding Van Hove r e g i o n s . 
The a n a l y s i s proves u s e f u l f o r obtaining samples 
of events xirhich c o n t a i n p a r t i c u l a r low mass 
resonances. Amongst the resonances observed i n 
the data sample are the ^ ^ * ^  os* and ij^" mesons 
and the A* (1236) and A°(l236) baryons. 
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INTRODUCTION 
For s e v e r a l decades co n s i d e r a b l e i n t e r e s t and 
e f f o r t has been expended i n understanding strong 
i n t e r a c t i o n s eind the p r o p e r t i e s of the elementary 
p a r t i c l e s t h a t r e s u l t from such i n t e r a c t i o n s . 
With the advent of high energy a c c e l e r a t o r s , 
c o n t r o l l e d beams of elementary p a r t i c l e s became 
a v a i l a b l e i n the l a b o r a t o r y v/hich f a c i l i t a t e d e t a i l e d 
s t u d i e s of strong i n t e r a c t i o n s . The bubble chamber 
used i n conjtinction w i t h an a c c e l e r a t o r produced beam 
has been one of the most f r u i t f u l techniques i n t h i s 
a r e a of p h y s i c s . The great advantage of the bubble 
chamber i s t h a t the t a r g e t medium a l s o a c t s as the 
d e t e c t i n g system to give a v i s u a l record of the n u c l e a r 
i n t e r a c t i o n s o c c u r r i n g i n the chamber which can be 
measured w i t h c o n s i d e r a b l e p r e c i s i o n over the whole 
4 TT s o l i d angle. 
Although a c c e l e r a t o r beams of most types of 
" s t a b l e " elementary p a r t i c l e s are a v a i l a b l e the charge 
pion beam has been most used due to the r e l a t i v e ease 
of production and a l s o because i t s use i n conjunction 
w i t h a bubble chamber allows the i n v e s t i g a t i o n of the 
pion-nucleon i n t e r a c t i o n which i s fundsimental to the 
understanding of strong i n t e r a c t i o n s . 
A g r e a t d e a l of work has a l r e a d y been performed 
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on the pion-proton system u s i n g hydrogen f i l l e d 
bubble chambers and many elementary p a r t i c l e s t a t e s 
have been observed r e s u l t i n g from t h i s system. 
Hox\rever, the neutron i s a l s o a nucleon and i t would 
be advantageous to have data on the pion-neutron 
i n t e r a c t i o n to complement the data on the pion-proton 
i n t e r a c t i o n . 
I t i s more d i f f i c u l t to provide a neutron t a r g e t 
f o r a pion beam and the normal method i s to use a 
deuterium f i l l e d bubble chamber eind then to s e l e c t the 
events corresponding to a pion-neutron i n t e r a c t i o n . I t 
i s f o r t u n a t e t h a t i n the v i s u a l r e c o r d of the i n t e r a t i o n 
of pions x^rith deuterium i t i s a r e l a t i v e l y easy t a s k to 
r e c o g n i s e pion-neutron i n t e r a c t i o n s i n the presence of 
the other p o s s i b l e i n t e r a c t i o n s (pion-proton, pion-
d e u t e r o n ) . 
The xiTork i n t h i s t h e s i s d e s c r i b e s the s e l e c t i o n of 
events corresponding to pion-neutron i n t e r a c t i o n s from an 
experiment xvhere a deuterium f i l l e d bubble chamber has 
been exposed to a p o s i t i v e pion beam of momentxim of 11.7 
GeV/c, The p a r t i c u l a r i n t e r a c t i o n i n v e s t i g a t e d i s the 
r e a c t i o n TT* d p "n^ jr" ir** xirhere, by demanding that the 
f i n a l s t a t e nucleon i s a proton, the mesonic system i s 
c o n s t r a i n e d to be of zero o v e r a l l charge. 
I n t h i s r e a c t i o n A (i2 3 6) production i s 
expected to be s m a l l as the r e a c t i o n r e s u l t i n g i n such 
a s t a t e can only proceed by an e x o t i c T=2 exchange or by 
- 3 -
baryon exchange. Thus from an i n i t i a l TV'*'n s t a t e , 
cannot be produced by the u s u a l exchange 
p r o c e s s e s , whereas production of t h i s i s o b a r i s p o s s i b l e 
by meson exchange from a I t * p i n i t i a l s t a t e . 
Consequently the f i n a l s t a t e i n a TT* n experiment i s 
expected to be more dominated by the formation of mesonic 
resonances i n the d i p i o n and t r i p i o n systems thein a 
comparison w i t h a s i m i l a r tT'* p experiment would 
suggest. 
The t r i p i o n system i n the r e a c t i o n being studied 
here has an o v e r a l l charge of zero but contains tvio 
charged p i o n s . The charge sjnranetric r e a c t i o n , w^hich 
has a Tr~ p i n i t i a l s t a t e , can a l s o r e s u l t 
n e u t r a l t r i p i o n f i n a l s t a t e s i m i l a r to the syst< 
being reported i n t h i s t h e s i s . However the charge 
symmetric r e a c t i o n i m p l i e s both a f a s t neutron and a 
n e u t r a l p ion i n the f i n a l s t a t e and s i n c e only charged 
p a r t i c l e s l e a v e v i s i b l e t r a c k s i n a bubble chamber t h i s 
r e a c t i o n i s c o n s i d e r a b l y more d i f f i c u l t to study. 
Other i n i t i a l s t a t e s can a l s o produce a n e u t r a l t r i p i o n 
system but only as a subset of a four (or more) pion 
system. 
The above deuterium r e a c t i o n allows the i n v e s t i g a t i o n 
of both n e u t r a l d i p i o n systems eind n e u t r a l t r i p i o n systems 
i n the same r e a c t i o n channel and s i n c e every mesonic 
resonance has a n e u t r a l decay mode, c o n t r i b u t i o n s could 




three pions xirithin the a c c e s s i b l e energy range of the 
experiment. 
One p a r t i a l disadvantage of the 'K*r\ i n i t i a l s t a t e 
i s t h a t i t i s a mixed i s o s p i n s t a t e , containing both 
T=l/2 and T=3/2 components. T h i s makes some 
c a l c u l a t i o n s more d i f f i c u l t as compared xirith a pure 
i s o s p i n i n i t i a l s t a t e such as Tr"*" p . 
Thus a modest s t a t i s t i c s '7r'''n experiment i s 
perhaps more rewarding f o r a study of n e u t r a l d i p i o n 
and t r i p i o n systems than a higher s t a t i s t i c s experiment 
u s i n g any other of the more common i n i t i a l s t a t e s . 
A b r i e f d e s c r i p t i o n of the exposure, scanning and 
measuring a s s o c i a t e d xirith the experiment i s given i n 
Chapter 1, x\rhich a l s o c o n t a i n s d e t a i l s of the s e l e c t i o n 
procedures used to obtain a sample of events correspond-
i n g to the above deuterium r e a c t i o n ( r e f e r r e d to as 
r e a c t i o n 2A). Some general f e a t u r e s of the s e l e c t e d 
d a t a are presented i n Chapter 2. These in c l u d e the 
momentum and angular d i s t r i b u t i o n s of the i n t e r a c t i n g 
p a r t i c l e s i n the l a b o r a t o r y system as xirell as the 
M i s s i n g Mass squared and p r o b a b i l i t y d i s t r i b u t i o n s of 
the s e l e c t e d events. The i n v a r i a n t mass s p e c t r a f o r 
the v a r i o u s combinations of p a r t i c l e s are a l s o d i s p l a y e d 
and d i s c u s s e d i n Chapter 2, p r i o r to the use of the Van 
Hove method of a n a l y s i s , the r e s u l t s of xvhich are 
presented i n Chapter 4. Chapter 3 i n c l u d e s a 
d e s c r i p t i o n of Van Hove a n a l y s i s together with the 
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d e f i n i t i o n s of the centre of momentum system and the 
v a r i a b l e s needed f o r a Van Hove a n a l y s i s of four body 
f i n a l s t a t e data. 
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CHAPTER 1 
EXPERIMENTAL DETAILS AND EVENT SELECTION 
1.1 The Exposure, Scanning and Measuring 
The exposure was performed at the CERN Proton 
Synchrotron i n l a t e 19^7 • The CERN 2m Bubble Chamber 
f i l l e d w i t h deuterium was used i n conjunction with the 
U3 beam l i n e which produced p o s i t i v e pions of nominal 
momentum 11.7 GeV/c. The U3 beam l i n e (Ref.1,2) 
contained two Radio Frequency Separators f o r mass 
r e s o l u t i o n . I t has been c a l c u l a t e d t h a t the 
contamination of the beam by f< p a r t i c l e s was l e s s 
than lfl> (Ref.2). 
A t o t a l of I 5 6 K p i c t u r e s were taken i n tv/o separate 
runs. The f i l m s were d i s t r i b u t e d amongst the 
c o l l a b o r a t i n g l a b o r a t o r i e s , Durham, Genoa, Milajio, LPHI-IE 
( P a r i s ) and E c o l e Polytechnique ( P a r i s ) f o r scanning, 
measuring and p r o c e s s i n g of the data. 
The f i l m s were scanned f o r a l l types of events 
which had up to ten prongs. I t was decided a f t e r 
scanning to concentrate i n i t i a l l y on the events that 
might belong to the f o l l o w i n g r e a c t i o n s ; -
'7r ' ' d - * d TT-^TT+ir- (1) 
7r+<i-* d TT-^ fT-^ TT-'Tr'* ( I A ) 
- 7 -
Tf'^'ci-*- p 7r+-Tr" (2) 
TT+'d -e* |) p Tr'^TT" TC^ (2A ) 
IS 
(See Ref. 3 f o r publis h e d papers on these r e a c t i o n s ) 
Other r e a c t i o n s i n v o l v i n g strange p a r t i c l e s are 
a l s o p o s s i b l e ; hoxirever, the t o t a l c r o s s - s e c t i o n f o r 
strange p a r t i c l e production i s very small and these have 
not been considered f u r t h e r . 
A l l four prong non-strange events with a stopping 
t r a c k or a candidate proton t r a c k xvere s e l e c t e d f o r 
measurement along xirith a l l three prong non-stremge events. 
A strange event i s defined as one with an a s s o c i a t e d V 
or a 'kinked' t r a c k . A three prong event corresponds to 
an i n t e r a c t i o n x^here the deuteron or sp e c t a t o r proton has 
i n s u f f i c i e n t momentxim to give a v i s i b l e t r a c k , ( i . e . has 
a rsmge ^ Iram i n chamber s p a c e ) . I t should be noted 
t h a t i f the incoming pion i n t e r a c t s x/ith the proton of a 
deuteron, c o n s e r v a t i o n of charge i n the i n t e r a c t i o n 
i m p l i e s t h a t i t can only r e s u l t i n an even prong f i n a l 
s t a t e . 
I f the i n t e r a c t i o n i s betxireen the i n c i d e n t pion and 
the neutron i n the deuteron xirhile the proton i s not 
i n v o l v e d i n the i n t e r a c t i o n , then the proton i s c a l l e d 
the s p e c t a t o r proton. The s p e c t a t o r proton, a f t e r the 
i n t e r a c t i o n , x i r i l l , i n the impulse approximation, have the 
momentxam th a t i t had i n i t i a l l y xvhile xvithin the deuteron, 
and t h i s i s d e s c r i b e d by the Hulthen xirave fxinction f o r 
the deuteron. I n g e n e r a l , the sp e c t a t o r momentxam x v i l l 
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be s m a l l and i n approximately two t h i r d s of the cases 
i t w i l l have i n s u f f i c i e n t momentum to leave a v i s i b l e 
t r a c k i n the bubble chamber. Obviously a l a r g e 
f r a c t i o n of the events s e l e c t e d f o r measurement w i l l 
have a s p e c t a t o r proton and w i l l belong to one of the 
f o l l o w i n g r e a c t i o n s ; -
tr"^n-£»* pTf'*''Tr" (2) 
r r ^ n - c * p-nr'^Tf'-TV® (2A) 
The s e l e c t e d events were measured on c o n v e n t i a l f i l m 
plane d i g i t i z e d machines and processed through the THRESH-
GRIND prograxmiie system. 
THRESH i s a three view geometrical r e c o n s t r u c t i o n • 
programme. I t uses the tv/o dimensional measurements 
from each view to r e c o n s t r u c t an event i n three dimensions, 
The output i n c l u d e s the p o s i t i o n s of v e r t i c e s together 
w i t h the r a d i u s of curvature, d i r e c t i o n and measured 
l e n g t h of each t r a c k i n an event. E s t i m a t e s of the 
e r r o r s a s s o c i a t e d w i t h t h i s information are a l s o included. 
GRIND i s a kinematic f i t t i n g programme which uses 
THRESH output. The measured curvatures of t r a c k s 
(when a v a i l a b l e ) are converted i n t o momenta us i n g the 
kno\m c h a r a c t e r i s t i c s of the magnetic f i e l d w i t h i n the 
chamber and then f i t s to u s e r supplied hypotheses are 
attempted. The four equations to be s a t i s f i e d i n the 
f i t to an event are c a l l e d the c o n s t r a i n t equations and 
r e q u i r e momentum co n s e r v a t i o n ( i n three dimensions) and 
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energy c o n s e r v a t i o n . GRIND c a l c u l a t e s the ' e x t e r n a l ' 
e r r o r s f o r each t r a c k u s i n g only the length of the 
t r a c k from THRESH and combining t h i s x/ith standard 
e s t i m a t e s of the measuring accuracy. A comparison i s 
then made betxveen these ' e x t e r n a l ' e r r o r s and the ' i n t e r n a l ' 
e r r o s c a l c u l a t e d by THRESH xirhen r e c o n s t r u c t i n g the t r a c k s . 
For a f u r t h e r d i s c u s s i o n of ' i n t e r n a l ' Eind ' e x t e r n a l ' 
e r r o r s , see Ref. 4. The ' e x t e r n a l ' e r r o r s are used i n 
the GRIND f i t t i n g process although, when a f i t i s p o s s i b l e , 
a new s e t of e r r o r estimates ( c a l l e d the f i t t e d e r r o r s ) 
are c a l c u l a t e d , as v/ell as the f i t t e d parameters of the 
f i t . The chi-squared and number of degrees of freedom 
of the f i t are a l s o c a l c u l a t e d xfhich enables the 
p r o b a b i l i t y of the f i t to be estimated. 
1.2 F i t t i n g Events x^rith the Programme GRIND 
I g n o r i n g f o r the moment the problem of the 
s p e c t a t o r proton, xirhen GRIND attempts to f i t a hypothesis 
to a r e c o n s t r u c t e d event, there are three p o s s i b l e 
r e s u l t s : -
(1) A 4 c o n s t r a i n t f i t (4c) 
(2) A I c f i t 
(3) A n o - f i t 
A 4c f i t xirill occur i f i t i s not necessary to 
i n c l u d e a n e u t r a l p a r t i c l e i n order to obtain a f i t . 
T h i s i m p l i e s t h a t there are no complete xinknoxms i n the 
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four c o n s t r a i n t equations to be s a t i s f i e d , i . e . the 
problem i s over determined. For a p a r t i c u l a r event i t 
i s t h e r e f o r e p o s s i b l e to c a l c u l a t e a s e t of f i t t e d 
parameters which w i l l have c o n s i d e r a b l y s m a l l e r e r r o r s 
than the ' e x t e r n a l * e r r o r s would suggest. 
The 4c f i t thus r e p r e s e n t s the best p o s s i b l e f i t to 
t h i s type of bubble chamber data s i n c e the only 
assumptions i t i s n e c e s s a r y to make are the masses of 
the p a r t i c l e s producing the seen t r a c k s i n the bubble 
chamber, and i t i s always n e c e s s a r y to make these 
assumptions. 
A I c f i t w i l l occur i f a f i t can be obtained when 
i t i s assumed t h a t only one n e u t r a l p a r t i c l e ( u s u a l l y 
a n e u t r a l pion) i s m i s s i n g . Once the mass of the 
m i s s i n g p a r t i c l e i s asstmied there are four c o n s t r a i n t 
equations to be s a t i s f i e d w ith only three unkno^ms 
(the p ^ A f ^ of the m i s s i n g p a r t i c l e ) and hence a 
s o l u t i o n i s s t i l l p o s s i b l e . Since the measured v a l u e s 
do have e r r o r s however, there i s considerably l e s s e r r o r 
r e d u c t i o n r e s u l t i n g from a I c f i t as compared with a 4c 
f i t , and so i t i s u s u a l to r e j e c t I c f i t s i n favour of 
a 4c f i t to the same event, even though the p r o b a b i l i t y 
g i v e n to the I c f i t may be higher. Some j u s t i f i c a t i o n 
f o r the preference of any 4c as compared with a I c f i t 
can be obtained by the use of a programme such as FAKE. 
T h i s programme uses random nvmibers to generate s p e c i f i c 
types of event which can then be f i t t e d by the u s u a l 
- 11 -
procedures. The r e s u l t s obtained by us i n g FAICE and 
then GRIND suggest t h a t while a generated kc 'event' 
caji f r e q u e n t l y give a I c f i t as w e l l as the expected 
kc f i t , a generated I c event w i l l r a r e l y produce an 
a s s o c i a t e d 4c f i t . 
A n o - f i t e f f e c t i v e l y occurs when the r e s u l t a n t 
p r o b a b i l i t y of a l l 4c and I c f i t s attempted by GRIND i s 
ve r y s m a l l , although i n many cases no f i t of any kind 
can be found. T h i s u s u a l l y i m p l i e s that more than one 
n e u t r a l (luiseen) p a r t i c l e was produced i n the i n t e r a t i o n 
and so the only i n f o r m a t i o n a v a i l a b l e about the event i s 
the, measured v a l u e s f o r the t r a c k s and hence the t o t a l 
energy and momentum of the unseen p a r t i c l e s . These 
v a l u e s of M i s s i n g Energy and M i s s i n g Momentum enable the 
e f f e c t i v e M i s s i n g Mass of the vinseen p a r t i c l e s to be 
c a l c u l a t e d . ' N o - f i t events represent the l a r g e s t p a r t 
of the data a v a i l a b l e i n t h i s experiment. 
The four prong events were processed q u i t e normally 
through the GRIND f i t t i n g programme. However, i n the 
case of the three prong events where the spectator 
proton ( o r deuteron) i s unseen, GRIND had to be modified 
before f i t s to these events were p o s s i b l e . Tifhen 
attempting to f i t with a m i s s i n g deuteron, the deuteron 
was t r e a t e d as completely unseen and so a I c f i t 
r e s u l t e d ( r e a c t i o n l ) . Obviously i t v/as not p o s s i b l e 
to f i t both a m i s s i n g deuteron and a m i s s i n g n e u t r a l 
pion to a three prong event and so f i t s to r e a c t i o n l a 
- 12 
were not attempted. 
liThen f i t s to r e a c t i o n s 2 and 2A were attempted f o r 
thr e e prong events, i t was n e c e s s a r y to assume that the 
m i s s i n g p a r t i c l e was a s p e c t a t o r proton. I t w i l l then 
have a momentum d i s t r i b u t i o n given by the Hulthen wave 
f u n c t i o n , and so, although unseen, some information about 
the nucleon i s a v a i l a b l e , i . e . the momentum i s ^  90 MeV/c. 
These m i s s i n g protons were i n c l u d e d i n the f i t v i a the ' 
ZEROL r o u t i n e i n GRIND where the f i t i s - i n i t i a t e d with _ 
the s p e c t a t o r proton having:-
F i t s to both r e a c t i o n 2 and 2A are then p o s s i b l e . 
The v a l i d i t y of t h i s , approach can be confirmed by 
comparing the f i t t e d s p e c t a t o r proton momentum d i s -
t r i b u t i o n w i t h t h a t p r e d i c t e d by the Hulthen wave 
f u n c t i o n . 
The GRIND output wfeis c o r r e l a t e d w i t h the 
i o n i s a t i o n of the t r a c k s as seen on the scanning t a b l e 
and those f i t s compatible w i t h i o n i s a t i o n were 
i n c l u d e d on a Data Summary T&^e ( D S T ) . The D S T of 
each l a b o r a t o r y was c i r c u l a t e d to the other 
l a b o r a t o r i e s i n the c o l l a b o r a t i o n f o r a n a l y s i s . 
1.3 S e l e c t i o n of Events from the Data Summary 
Tapes (DSTs) 
1.3.1 I n t r o d u c t i o n 
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TJiese s e c t i o n s give d e t a i l s of the s e l e c t i o n 
procedures used to e x t r a c t from the DSTs a sample of 
events which should c o n t a i n the h i g h e s t p o s s i b l e 
p r o p o r t i o n of unambiguous f i t s to the r e a c t i o n 2A. 
The main parameters of a f i t to an event given 
by GRIND a r e : -
1. The p r o b a b i l i t y of the f i t . 
2. The M i s s i n g Mass Squared. T h i s i n c l u d e s 
any f i t t e d n e u t r a l but does not i n c l u d e 
an unseen s p e c t a t o r proton. 
3. The e r r o r on the M i s s i n g Mass Squared. 
4. The M i s s i n g Energy together with i t s e r r o r . 
5. The momentum and d i r e c t i o n of a l l the 
f i t t e d p a r t i c l e s with e r r o r s . 
S i n c e f i t s to r e a c t i o n 2A f a l l i n the I c category, 
i t i s expected that c o n s i d e r a b l e ambiguity w i l l be 
present i n the b a s i c DST data. Ambiguity occurs when 
GRIND g i v e s f i t s to more than one r e a c t i o n f o r a 
p a r t i c u l a r event. T h i s i s due t o : -
1. The i n t r i n s i c measurement accuracy. 
2. M i s i d e n t i f i c a t i o n of t r a c k s i n the f i n a l 
s t a t e . 
The number of events f i t t i n g due to measurement 
e r r o r s can be reduced c o n s i d e r a b l y by s u i t a b l e event 
' s e l e c t i o n c r i t e r i a . 
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M i s i d e n t i f i c a t i o n of t r a c k s can only occur between 
the proton and a p o s i t i v e pion i n the f i n a l s t a t e and 
t h i s i s normally e l i m i n a t e d by checking the i o n i s a t i o n 
of the t r a c k s on the scanning t a b l e . T h i s procedure 
i s i n c r e a s i n g l y e f f i c i e n t f o r proton momenta below 
about 1.5 GeV/c and i s t o t a l l y e f f e c t i v e at about 
1.2 GeV/c. 
As the i n i t i a l sample contained only about 7,000 
f i t s some care i s needed i n making s e l e c t i o n s i n that 
a balsmce i s needed between producing a very pure 
sample w i t h low s t a t i s t i c s and a h e a v i l y contaminated 
sample w i t h h i g h e r s t a t i s t i c s . 
1 . 3»2 The A p p l i c a t i o n and R e s u l t s of the S e l e c t i o n 
C r i t e r i a . 
The i n i t i a l s e l e c t i o n xiras made on the p r o b a b i l i t y 
of the f i t s . Before any s e l e c t i o n was made, the 
d i s t r i b u t i o n of the p r o b a b i l i t i e s (shoivn i n F i g . 1-1, 
f o r Durham events only) was peaked tov/ards zero and, 
as a l l p r o b a b i l i t i e s should be e q u a l l y l i k e l y , i t i s 
c l e a r t h a t many of the lower p r o b a b i l i t y f i t s were not 
tru e I c events. From the slope of the d i s t r i b u t i o n 
i t was decided t h a t a s e l e c t i o n i n p r o b a b i l i t y a t 10^ 
would have the be s t decontamination e f f e c t while s t i l l 
p r e s e r v i n g reasonable s t a t i s t i c s . 













SiN3A3 dO HBS 
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squared d i s t r i b u t i o n . F i g . 1-2(A) shows the Missing 
Mass squared d i s t r i b u t i o n f o r Durham events only, before 
any s e l e c t i o n . (The other l a b o r a t o r i e s ' d i s t r i b u t i o n s 
f o r F i g . 1-1 and 1-2(A) are v e r y s i m i l a r ) . 
F o r a i ' i r ^ f i t one would expect a d i s t r i b u t i o n of 
M i s s i n g Mass squared v a l u e s centred on 0.02 (GeV/c ) 
and w i t h a width determined by the experimental e r r o r s . 
However, as can be seen i n F i g . 1 - 2 (B ) , the d i s t r i b u t i o n 
of M i s s i n g Mass squared v a l u e s , a f t e r the lO^S 
p r o b a b i l i t y cut, i s centred near zero, with an excess 
i n the p o s i t i v e v a l u e s . The mode of the Missing Mass 
2 2 
squared d i s t r i b u t i o n i s compatible w i t h 0.02 (GeV/c ) 
( Mftr") ) • The excess of high p o s i t i v e M i s s i n g Mass 
squared v a l u e s however, a l l had l a r g e e r r o r s which 
enabled them to give a one TT" f i t . These events could 
p o s s i b l y have tv/o or more TT*' s. 
With t h i s i n mind a s e l e c t i o n was designed to msike 
2 
the M i s s i n g Mass squared MM d i s t r i b u t i o n symetrlc, 
s i n c e i n g e n e r a l only measurement e r r o r s should 
c o n t r i b u t e to the negative M i s s i n g Mass squared v a l u e s . 
The a c t u a l s e l e c t i o n used was:-
The event was accepted i f 
M M^ - A M < 0.1 (G.v/^f 
where M^M i s the e r r o r on 
the M i s s i n g Mass squared value. 
A s t r a i g h t - f o r w a r d s e l e c t i o n on the Missing Mass 
2 
in 
g^ jD/Aao) 300/SiN3A3 
2(2D/A»9) |.0/SiN3A3 
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squared v a l u e s , or a s e l e c t i o n on the e r r o r s , i n v o l v e d 
a l a r g e l o s s i n s t a t i s t i c s f o r a s i m i l a r e f f e c t . 
The next s e l e c t i o n used was intended to e l i m i n a t e 
the proton/pion ambiguity. T h i s i n v o l v e s r e j e c t i n g a l l 
f i t s where there i s a f a s t proton with a f i t t e d momentum 
i n e x c e s s of 1.2 GeV/c. At a proton momenttmi of 
1.2 Gey/c the d e n s i t y of bubbles of the t r a c k of a proton 
i s c l e a r l y d i s t i n g u i s h a b l e from the t r a c k of a pion 
because the i o n i s a t i o n r a t e of a proton at t h i s momentum 
i s approximately 1.5 times l a r g e r than that of a pion. 
Thus protons and pions can be i d e n t i f i e d unambiguously 
from the t r a c k d e n s i t y f o r a momentum of l e s s than 
1.2 GeV/c. The e f f e c t of t h i s s e l e c t i o n i s to remove 
many of the p o s s i b l e a m b i g u i t i e s , not only w i t h i n the 
channel but a l s o w i t h other channels. ¥ithin the 
channel the ambiguity a r i s e s when two p o s i t i v e t r a c k s 
can be f i t t e d as e i t h e r proton/pion or pion/proton 
r e s p e c t i v e l y . 
U s ing the f i n a l sample to give the proton 
momentum d i s t r i b u t i o n and f i t t i n g an exponential 
f u n c t i o n to the f a l l i n g t a i l of t h i s d i s t r i b u t i o n , i t 
i s p r e d i c t e d t h a t the number of events l o s t by the 
moment\jm s e l e c t i o n i s approximately 10^. 
The f i n a l s e l e c t i o n simply removed a l l I c f i t s 
where a 4c f i t occurred f o r the same event. T h i s was 
done simply because even a low p r o b a b i l i t y 4c f i t i s 
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much more l i k e l y to be the true f i t to an event than a 
I c f i t . 
The r e s u l t s of these s e l e c t i o n s are tabulated i n 
Table 1. The f i r s t column shows the number of f i t s 
r e j e c t e d by each of the s e l e c t i o n s a c t i n g alone on the 
ssimple. The second sho\\rs the number r e j e c t e d by each 
s e l e c t i o n when the s e l e c t i o n s were used i n sequence 
w h i l e the t h i r d column g i v e s the t o t a l kept a f t e r each 
s e q u e n t i a l s e l e c t i o n . 
To v e r i f y the v a l i d i t y of the s e l e c t i o n s d escribed 
above, the v a r i o u s mass d i s t r i b u t i o n s of the f i n a l s t a t e 
p a r t i c l e s f o r the r e j e c t e d events have been examined. 
As would be expected, there i s resonance production i n 
some combinations of the seen charged p a r t i c l e s , (e.g. 
yo^ and A production, but l i t t l e evidence f o r 
resonance production when the unseen Tf" i s combined 
w i t h the seen p a r t i c l e s (e.g. there i s no Cx>° s i g n a l ) . 
However, I c f i t s which are eimbiguous with 4c f i t s appear 
to g i v e low mass enhancements i n the and pTf systems. 
S i n c e the m a j o r i t y of these 4c f i t s are of acceptable 
p r o b a b i l i t y , i t i s reasonable to exclude these events 
from the sample of r e j e c t e d I c f i t s i n order to determine 
the e f f e c t s of the other s e l e c t i o n s . TiThen the 4c 
Eunbiguitles are removed, both the'JV^Tr*'and pn''' mass 
d i s t r i b u t i o n s show no s i g n i f i c a n t enhemcements. 
These s e l e c t i o n s give a f i n a l sample of about 2,000 
events. The f a c t t h a t many f i t s were r e j e c t e d by only 
one s e l e c t i o n suggests that a l l the s e l e c t i o n s were 
TABLE 1 
S t a t i s t i c s of the S e l e c t i o n of a F i n a l 
Sample of 2023 Events from an I n i t i a l 
Sample of 766I F i t s 
t a t i s t i c s 
Selectio«i*v^ 
No. of 
F i t s 
Kept 
No. of 
F i t s 
R e j e c t e d 
No. of 
P i t s 
A f t e r 
S e l e c t i o n 
p r o b a b i l i t y 
S e l e c t i o n 
a t 1054 5494 2167 5494 
Missing- Mass 
S e l e c t i o n 4905 921 ^573 
F a s t Proton 
Momentum 
S e l e c t i o n 3638 2031 2542 
l c / 4 c 
Ambiguity 
S e l e c t i o n 6963 519 2023 
Number of P i t s R e j e c t e d . by 1 S e l e c t i o n 2796 
M I I I I I- . . I I 2 '* 1608 
It ! l I I I I ! l J I I 1224 
f i I I »i 11 " ' I 3.0 
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n e c e s s a r y . 
T h i s number of events r e p r e s e n t s about 70^0 of the 
eve n t u a l sample s i n c e some data w i t h i n the c o l l a b o r a t i o n 
i s not y e t a v a i l a b l e . 
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CHAPTER 2 
THE GENERAL FEATURES OF THE SELECTED DATA 
T h i s chapter i s intended to show the o v e r a l l 
f e a t u r e s of the data before a more d e t a i l e d a n a l y s i s i s 
prese n t e d . A l l the f i g u r e s i n t h i s chapter contain 
the f i t t e d data of the f i n a l sample without any s e l e c t i o n s 
other than those d e s c r i b e d i n the previous chapter. 
2.1. T e c h n i c a l D i s t r i b u t i o n s 
The p r o b a b i l i t y d i s t r i b u t i o n , shovm i n F i g . 2-1 i s 
i s o t r o p i c as expected. However, s i n c e the a c t u a l Missing 
Mass d i s t r i b u t i o n ( F i g . 2-2) i s s t i l l s l i g h t l y a s s y m e t r i c , 
i t would appear t h a t the Mi s s i n g Mass s e l e c t i o n used i s 
a reasonable compromise betv;een the f a c t o r s involved, 
s i n c e a more severe M i s s i n g Mass s e l e c t i o n produces an 
a n i s o t r o p i c d i s t r i b u t i o n of p r o b a b i l i t i e s . 
The f i t t e d momentum d i s t r i b u t i o n s of the beam and 
s p e c t a t o r proton are shoxm i n F i g . 2-3 ( A ) and ( B ) , 
together w i t h the angular d i s t r i b u t i o n s of the spec t a t o r 
w i t h r e s p e c t to the beam f o r the t o t a l sample and f o r 
the four prong events alone ( F i g . 2-3 ( c ) and ( D ) ) . 
The twin peaks of the beam momentum rep r e s e n t the two 
i n c i d e n t beam momenta used i n the experiment. The 
widths of the peaks correspond to the i n t r i n s i c 
momenttjm b i t e combined v/lth the e f f e c t s of the energy 
l o s s as the beam t r a v e r s e s the chamber before 
i n t e r a c t i n g , and the f i t t i n g e r r o r . Since the maximum 
? 
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length of the besun track measured was about 100cm 
there can be a v a r i a t i o n of about 25 MeV/c i n the 
beam momenta used as st a r t i n g values for GRIND. I t 
i s a r e f l e c t i o n of the r e l a t i v e l y small error given 
to t h i s nominal beam momentum that the t o t a l width of 
each peak i s only about kO MeV/c. 
The peak at low momentum values i n the spectator 
momentum d i s t r i b u t i o n F i g . 2-3(B) corresponds to the 
three prong events where the spectator i s unseen. 
The events above 80 MeV/c are the four prong events 
where the spectator i s seen and measured. Since even 
the four prong events i n t h i s channel are only one 
constraint f i t s , one would not expect the three prong 
events, which have two tinseen p a r t i c l e s (the spectator 
proton as well as the ft", to reproduce the expected 
Hulthen momentum d i s t r i b u t i o n for the spectator proton. 
This i s also r e f l e c t e d i n the angular d i s t r i b u t i o n of 
the spectator proton with respect to the beam i n the 
laboratory system, as shoim i n the same figure. The 
three prongs contribute mostly to the peaks near 
cos =• t i , while the four prong events display an 
is o t r o p i c d i s t r i b u t i o n (Pig. 2-3(D). This isotropy 
would be expected for a spectator since i t takes no 
part i n the i n t e r a c t i o n and hence has no special 
reference direction. Hov/ever, as Appendix (A) 
shows, the poor description of the spectator has 
comparatively l i t t l e effect on the invariant masses 
- 21 -
of the various baryon eind meson systems. 
I n Pig 2-4 are sho^m the momenta and angular 
d i s t r i b u t i o n s of the outgoing pions and the fas t proton. 
The angular d i s t r i b u t i o n s are again referred to the 
beam d i r e c t i o n i n the laboratory and i n a l l cases the 
three prong and four prong di s t r i b u t i o n s are comparable. 
The d i s t r i b u t i o n s show:-
(A) . Almost a l l p a r t i c l e s t r a v e l fon-zards i n 
the laboratory system. 
(B) The pions are more forward peaJced thein the 
proton, the rf*being the most strongly peaked. 
(C) The TT' and t t ' d i s t r i b u t i o n s are very similar 
with only a low momentum peak and a 
r e l a t i v e l y f l a t d i s t r i b u t i o n at high momenta. 
This i s i n contrast with the T f * d i s t r i b u t i o n 
which has a smaller low momentum peak and 
also shows a high momentum pesik, suggesting 
that there are some 'leading' pions. 
(D) The f a s t proton i s of r e l a t i v e l y low momentum. 
The d i s t r i b u t i o n i s s t i l l dropping at 1.2 GeV/c 
where the momentiam selection was imposed. 
2.2 Mass Distributions 
Goldhaber plots are shoim i n Pig. 2-5 (A) and (B) 
for M(p 'ir<')/M(Tt*'n-') and M ( pTr") / M (T(+TT'*^ 
res p e c t i v e l y . Scatter plot (A) shows clear evidence 
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i s also a possible N band although much of the signal 
b rO 
i s from the p and r overlap regions. On scatter 
plot (B) the only c l e a r band corresponds to the /o^  
although there i s also the p o s s i b i l i t y of an M band. 
On both Goldhaber plots there i s some evidence for I ^ * 
resonances other them the N*Ci236) (or the /\{\ZIS) ), 
and possibly AyO and A P associated production. 
The projections of these plots are shoxm on Figs. 
2-6 and 2-7 respectively and i n each case the dipion 
spectrum i s also sho\m for the four prong events only. 
The M(pTr«') mass d i s t r i b u t i o n shows evidence for 
considerable, production. However, the possibly 
large and rapidly varying background i n t h i s region makes 
mass £ind width determination very d i f f i c u l t . This also 
makes euiy interpretation of the possible enhancements at 
ikkO and 1580 MeV/c^ impossible. 
The M(7T*1T') mass dis t r i b u t i o n s are also shown, on 
Fig.2-6(B) and (c). A c l e a r signal CEin be seen 
despite considerable background. The signal to back-
ground r a t i o i s considerably better i n the four prong 
d i s t r i b u t i o n than i t i s i n the combined three and four 
prong d i s t r i b u t i o n . Although there i s evidence for 
enhancement i n the region of the \-%\16(^ the poor 
shape of the d i s t r i b u t i o n and the r e l a t i v e l y low 
s t a t i s t i c s involved make any determination of mass 
and width meaningless. Si m i l a r l y , the small enhemce-
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s i g n i f i c a n c e . Later i t w i l l be shown that the 
accumulation i n the dipion spectrum below the p mass 
i s due i n part to production. 
The h{pTf') and MCtf^ir") mass distributions are 
shown i n F i g . 2-7(A), (B) and ( c ) . The A(l2-3 6) 
has a better defined shape i n the _M(p7r") than i t has 
i n the Mlpir") mass d i s t r i b u t i o n . One reason for 
t h i s i s that the xmseen (and therefore tuimeasured) 
i s used i n the M(p7r'*) while the M(pTf-) uses 
two measured tracks, thus having a better mass 
resolution. Another reason i s perhaps that there are 
more Za events than there are A events, as 
would be expected from Clebsch-Gordan c o e f f i c i e n t s . 
There i s also evidence for higher mass M 
resonances at about l480 MeV/c^ and 1680 MeV/c^ 
although no r e a l significance can be given to these 
due to the uncertain background. 
The. mass d i s t r i b u t i o n shows a p peak, 
the shape of v;hich i s considerably improved when only 
four prong events are considered. No other s i g n i f i c a n t 
enhancements can be seen. 
The M (ir''''7r"'n'*') and the M(Tr"7r'')mass distributions 
are shov/n i n F i g . 2-8 (A), (B) and ( c ) . The only 
obvious t r i p i o n enhancement corresponds to the mass 
although there i s a small enhancement i n the i ^ ^ mass 
0 
region. There i s no evidence for production 
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t o t a l t r i p i o n mass d i s t r i b u t i o n (which has a higher 
backgroTUid) or i n the four prong only mass d i s t r i b u t i o n 
(which has poor s t a t i s t i c s ) , although there i s a 
p o s s i b i l i t y of 11(990) production. 
The {IT'TT") mass d i s t r i b u t i o n only shows the 
p o s s i b i l i t y of a s m a l l amount of yO production on a 
v e r y h i g h background l e v e l . 
There are no enhancements or sig?j.ificant resonance 
shapes i n the M(pTt*) mass spectrum. 
From these d i s t r i b u t i o n s i t can be seen that i n 
order to make f u l l use of the moderate s t a t i s t i c s a v a i l -
able i t i s p r e f e r a b l e to attempt to use the three prong 
events wherever p o s s i b l e . 
- 25 -
CHAPTER 3 
THE VAN HOVE (L.P.S.) METHOD OF ANALYSIS 
3.1 Introduction 
The very important technique of Longitudinal 
Phase Space (L.P.S.) analysis was suggested by Van Hove 
(Ref . 5 ) - I t i s found experimentally that most events 
are peripheral i n nature, that i s , i n the centre of 
mass (or more correctly, i n the centre of momentum 
system) the longitudinal component of the momentum i s , 
i n general, much larger than the transverse component. 
Ty p i c a l l y , experimental data show that while the long-
i t u d i n a l component of momenttun var i e s between zero and 
the kinematically allowed l i m i t , the transverse component 
displays a marked lack of events with moment\ui values above 
about 0.4 GeV/c. This led Van Hove to suggest that 
events could be adequately parameterised by the 
longitudinal component of momentum alone. 
Considering the Feynman diagram, which i s a two 
dimensional plot of the separation between the i n t e r -
acting p a r t i c l e s i n the centre of mass against time. 
Van Hove's parameterisation means that i n general a 
positive longitudinal momentum (q) can be associated 
with the upper vertex (the beam vertex, by convention), 
while a negative q can be associated with the lower 
(baryon) vertex. 
- 26 -









I f the p a r t i c l e s are to form a low mass resonance, 
they must have low r e l a t i v e momenta i n the centre of 
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mass frame and so must also have si m i l a r va.lues of q. 
This implies that p a r t i c u l a r low mass resonances w i l l 
populate c e r t a i n regions of longitudinal phase space, 
suggesting a simple method of sub-dividing data into 
various groups xvhich xirill then be r i c h i n pa r t i c u l a r 
resonances. A four body f i n a l state has been discussed 
by Van Hove and others i n terms of L.P.S (Ref . 5 » 6 . ) 
The reason for the previous statement that t h i s 
type of emalysis i s only useful for low mass resonemces 
i s simjjly explained. I f a resonance has a mass value 
which i s well above threshold for the system considered, 
then a large amount of energy w i l l be released as 
k i n e t i c energy when the resonance decays. This implies 
that at l e a s t one decay product might t r a v e l i n the 
opposite d i r e c t i o n to the other decay products when 
viewed i n the ov e r a l l centre of mass system, provided 
the resonance mass was high enough to provide the 
necessary energy. Of course, even a low mass resonance 
can be affected by t h i s i f the system i s produced with 
a small longitudinal component of raomentvmi o r i g i n a l l y . 
However, a small longitudinal momentum for a low mass 
system would normally suggest a high transverse 
momenttim component axid, since most interactions are 
peripheral i n nature, low mass systems would display 
t h i s e f f e c t much l e s s frequently than higher mass 
systems. 
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3.2. D e f i n i t i o n of Variables 
Although there are four parameters to describe 
an event (the four q.s), these w i l l produce a 
unique point i n a three dimensional space because of 
the conservation of longitudinal momentum. I n the 
centre of mass system, and using appropriate axes, 
a l l events w i l l l i e inside a cuboctahedron, the faces 
of which w i l l correspond to various combinations of 
p a r t i c l e s t r a v e l l i n g i n the same direction i n the 
centre of mass. The cuboctahedron can be described 
using a spherical polar co-ordinate system based on the 
centre of the cuboctahedron. I n a Cartesian (X,Y,Z) 
system, the four q=0 axes are chosen to be mutually 
separated by 120 degrees. The spherical polar system 
(R> 1^ » ^ 4 ) can then be defined. F i g . 3-1 shows 
the cuboctahedron and also the equations which r e l a t e 
the various co-ordinate systems (Ref. 6, ? ) . 
The '©i , <9'2 parameters define which face on 
the surface of the cuboctahedron the projected radius 
vector ("r ) v / i l l i n t e r s e c t . I f the projection 
i n t e r s e c t s a square face, i t implies that only two 
p a r t i c l e s have p o s i t i v e values of q, whereas i n t e r -
section on a triangular face implies that three 
p a r t i c l e s have values of q with the same sign. 
The length of the radius vector (7*" ) of a point 
i n the L.P.S. cuboctahedron i s related to the 
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but also depends on the conservation of energy and 
momentum. This means that even though an event may 
have a configuration which Implies a majcimtim \alue of 
[ r )> t h i s value may not correspond to a point on 
the surface of the cuboctahedron. See Ref . 5 for an 
account of t h i s e f f e c t . 
However, even with a three dimensional system, 
v i s u a l i s a t i o n , analysis and presentation i s s t i l l very 
d i f f i c u l t . A two dimensional system i s preferable 
even i f some of the available information i s not 
displayed. This can be achieved i n t h i s case i f the radius 
(R) i s neglected. The data can then be usefully 
displayed by, for example, the use of a " ^ i , '©^  
sc a t t e r plot. 
3 .3 ' D e f i n i t i o n of the centre of mass system 
I n order to calculate the values of the 
longitudinal momenta needed above, the centre of mass 
frame must f i r s t be defined. This i s a problem 
because the in t e r a c t i o n being studied, TT^ n , involves 
the neutron contained i n a deuteron nucleus. This 
means that the momentiam and eff e c t i v e mass of the 
target are unknown at the time of interaction, although 
the momentum d i s t r i b u t i o n of the neutron i s known 
from calculations based on the Hulthen dist r i b u t i o n . 
There are several ways to approach t h i s problem. 
I n i t i a l l y one can assume a target having the neutron's 
- 30 -
mass but with zero momentum i n the laboratory system. 
This gives a very rough approximation but i t may be 
s u f f i c i e n t for some work. A second method involves 
assigning to the target neutron momentvmi equal and 
opposite to that of the spectator, since one. can assume 
that the neutron and proton had equal and opposite 
momenta inside the deuteron at the moment of interaction. 
A refinement of t h i s method i s to constrain the (^'^  Pj^ 
system to have the deuteron mass by allowing the neutron 
mass to be "off the mass shell*', i . e . not to have i t s 
normal mass value. This generated target i s then 
combined with the beam to produce the centre of mass 
system. 
A t h i r d method i s to combine the outgoing 
"reacting" p a r t i c l e s to form the "reaction" centre of 
mass system. I n t h i s channel t h i s corresponds to 
using the f a s t proton plus the three outgoing pions 
to define the centre of mass system. However, i t can. 
be seen that since the f i t t i n g i n GRIND consists of 
conserving energy suid momentiam, i . e . : -
Eb -4- Mj = Ep^  + Ep^  + 
Tfhere the subscript b corresponds to the beam 
and the P.s are three vectors of momentum, the second 
and t h i r d methods are i d e n t i c a l . Since the th i r d 
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method i s easier to calculate, i t was used to define 
the centre of mass system for a l l . c a l c u l a t i o n s . 
The t h i r d method would appear to have an 
advantage over the second for three prong events where 
the spectator i s unseen. However, for a IC channel 
where a TV® i s also unseen, the available energy and 
momentum are shared between the spectator and the Tf" 
i n a r e l a t i v e l y a r b i t r a r y fashion. Since i t v;ould be 
pointless using anything other than the f i t t e d 
spectator, e s p e c i a l l y for the three prong events, the 
second and t h i r d methods are again i d e n t i c a l . 
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CHAPTER k 
THE RESULTS OF L.P.S. ANALYSIS 
The Van Hove method of analysis r e l i e s on the 
experimental f a c t that the transverse component of 
momentum ( ) of p a r t i c l e s i n the centre of mass i s 
generally smaller than the longitudinal component ( cj,^  ). 
The value of obtained appears to be of approximately 
constant value, independent of the incident beam 
momentum. This suggests that better separation w i l l 
be obtained at higher beam momenta simply because the 
r a t i o of <j,. to rj w i l l increase. 
F i g . 4-1 shows Peyrou plots for the data i n th i s 
channel (the Peyrou plot i s a two dimensional plot of 
the transverse momenta against the longitudinal momenta 
i n the centre of mass system). These show the 
j u s t i f i c a t i o n for the small transverse momenta assumption. 
The d i s t r i b u t i o n of events on a versus ^2 plot 
i s sho^m on F i g . 4-2 which also shows the positions of 
the face boundaries of the cuboctahedron. The 
l a b e l l i n g of the regions corresponds to the Feynmeui 
diagrams i n the previous chapter where the p a r t i c l e s 
with positive values of q are associated v^ith the beam 
vertex and those with negative values of q with the 
target vertex. 










Since a l l the protons have negative values of q 
only h a l f the cuboctahedron i s populated and so ^, 
need only be considered to vary between 90 and 180 
degrees. As would be expected i f simple meson exchange 
dominates, there i s a notable lack of events i n regions 
(3) and (7) since these regions correspond to exotic or 
baryon exchange. Also most of the events i n these 
regions are close to the boundaries shared with simple 
exchange regions. There i s a general clustering close 
to the boundaries, e s p e c i a l l y for the negative pion 
boundary, i . e . where the pion i s slow i n the centre of 
mass system. (This i s also r e f l e c t e d i n the Peyrou 
plot, F i g . 4 - l ( C ) ) . 
4 .1 . Tripion Invariant Mass Spectrum i n Region ( l ) 
C l e a r l y the regions which are most l i k e l y to be of 
i n t e r e s t are ( l ) , (2) and (4) for t r i p i o n and baryon+ 
dipion resonances. F i g . 4-3 shows the t r i p i o n mass 
spectrum for events i n Region ( l ) . Comparison with 
F i g . 2-8(A) shows that no events with em invariant mass 
below about 900 MeV/c have been rejected and r e l a t i v e l y 
few have been removed up to a mass value of about 
o 
1300 MeV/c . However above t h i s value there i s 
increasingly heavy r e j e c t i o n , as would be expected i f 
a l l the pions are constrained to be moving for%irards i n 
the centre of mass system. This selection alone 





the CA^** and also does not separate other possible 
resonances (e.g.A^ , H(990))from the t o t a l sample. I t 
does however mean that ^ r e f l e c t i o n s are removed 
from samples which do not include t h i s region. 
Tlie only other possible three pion enhancement i n 
Region ( l ) corresponds to a mass of j u s t under 1000 MeV/c^ 
Although an enheincement (the H(990) ) has been seen i n 
several experiments, the existence of a resonance i s i n 
considerable doubt. (Ref. 8 ) . I n previous experiments 
yO'TT decay has been observed with approximately equal 
contributions from the three yo charge states, lifhile 
not being at a l l s t a s t i c a l l y s i g n i f i c a n t , i t i s 
i n t e r e s t i n g that the ntmiber of possible H(990) events 
above a hand drawn background corresponds to the number 
of y3 TT events i n the mass region with approximately 
equal contributions from the three charge states. 
4.2 The M(Pir') and f^jn^tr^) Spectra i n Region (2) 
For region (2) the M(pfr") and M (ir"*?!") mass d i s t r i b -
utions are sho\m i n Fig. 4 - 4(A ) and (B). The M ( P i r ' ) 
d i s t r i b u t i o n shov/s the A signal on a considerably 
reduced backgroiind. Comparison with Fig. 2-7(A) 
suggests that a large proportion of the A signal 
i s present i n t h i s region although the vmcertain 
background makes the exact determination of the effect 
of the s e l e c t i o n d i f f i c u l t . The ht'Tr'^ Tr*') spectrum 
seems to be considerably improved over the f u l l sample 
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spectrum shoim i n F i g . 2-6(B) e s p e c i a l l y i n the s i g n a l 
to the background r a t i o . However, i t would appear 
t h a t a number of events do not f a l l i n t h i s region 
and the shoulder at about 600 MeV/c , although reduced, 
i s s t i l l p r e s e n t . T h i s shoulder does not appear to 
r e p r e s e n t the e f f e c t of any other resonance production, 
and i s present i n both three prong emd four prong data. 
4.3. TheM(P-Tr'') and WW^'K') Spectra i n Region k 
The MIPTT") and I^U+TT*) S p e c t r a corresponding to 
Region (4) are d i s p l a y e d i n F i g . 4-5. TTie adverse 
e f f e c t of combining' the proton with the unmeasured 
as opposed to. the measured Tr' can be seen by comparison 
of the A s i g n a l s i n P i g . 4-4(A) and 4-5(A). The A* 
i s xirider and of poorer shape which suggests that the 
apparent enhancements at higher pTr'* masses are not 
s i g n i f i c a n t . As expected there i s considerably 
more A production than A production. 
The r^(7r*^") mass d i s t r i b u t i o n f o r Region (4) 
d i s p l a y s a strong yo" s i g n a l on a v e r y low background, 
e s p e c i a l l y when compared with the f u l l sample ( F i g . 2 - 6 ( B ) ) 
The resoneince has a good B r e i t ¥igner shape and has no 
i n d i c a t i o n of shoulders. There i s s t i l l an i n d i c a t i o n 
of enhancement between 1000 and l400 MeV/c but the 
d e t a i l s are not c l e a r . 
4.4. The M(-nr'^ Tr') Spectrum i n Region (2) 
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F i g . 4-6(A) and the r a t h e r poor p° s i g n a l shown 
corresponds to the be s t resonance s i g n a l foiind i n an 
" i n c o r r e c t " L.P.S. r e g i o n . 
4.5 D i s c u s s i o n of Dipion S p e c t r a f o r Region ( l ) 
Other resonance s i g n a l s can be seen i n two p a r t i c l e 
s u b s e t s from L.P.S. regions where three p a r t i c l e s t r a v e l 
i n the same d i r e c t i o n i n the centre of mass (or r a t h e r 
they have the same s i g n f o r t h e i r q.s) Perhaps the 
most important case of t h i s are the three d i p i o n 
combinations which correspond to Region ( l ) . The 
i n v a r i a n t mass d i s t r i b u t i o n s f o r the three combinations 
a r e shown i n P i g . 4-6(B), (C) and (D). The a n t i -
s e l e c t i o n of Co" simply removes the i n e v i t a b l e 
r e f l e c t i o n s of the t r i p i o n resonance, which d i s t o r t 
the low mass phase space of the d i p i o n systems, and 
does not m a t e r i a l l y a f f e c t the d i s t r i b u t i o n s i n the 
yO mass r e g i o n s . A l l three d i s t r i b u t i o n s show a 
r 
suggestion of yO production together with a high 
backgroiind the being the most i n c o n c l u s i v e . The 
s i z e of the yo"*" and ^' s i g n a l s suggest that there 
i s s m a l l , i f any, A",^  production ( A^-**^" Tt* ) . However, 
although i t i s q u i t e p o s s i b l e f o r a p produced from 
a t r i p i o n system not to appear i n Region ( l ) (because 
of the i n t e r n a l energy of the system), i t i s not l i k e l y 
t h a t a p vrhich should r e a l l y appear i n another region 
to be tagged as Region ( l ) event, except by measurement 
e r r o r s . Thus there i s l i k e l y to be a net l o s s of p 
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events from Region ( l ) . 
Due to the.high background l e v e l imder the p 
s i g n a l s i t i s found t h a t most events i n Region ( l ) , 
a p a rt from those events w i t h M(ir'*'Tf"TV**) ^  800 MeV/c ^, 
have a t l e a s t one d i p i o n combination near a mass 
r e g i o n . Perhaps because of t h i s the spectrum 
f o r charged p events does not d i s p l a y any s i g n i f i c a n t 
enhancement i n the region, s i n c e the p 
s e l e c t i o n w i l l i n c l u d e considerable background. 
4.6 The A S i g n a l s i n Region (5) 
I n Region (3) there i s found to be enhancement i n 
both the M(P^-) and M(PTr») s p e c t r a i n the A mass region. 
Both s i g n a l s have good resonance shapes, but, as can 
be seen i n F i g . 4-71 the same events are c o n t r i b u t i n g to 
both s i g n a l s . I t i s not c l e a r as to whether the 
s i g n a l s are p u r e l y a kinematic e f f e c t or i f the 
production of one A c o n s t r a i n s the system to the other 
A mass re g i o n . 
I t should be noted that the events i n Region (5) 
correspond almost e n t i r e l y to the 'leading' pions 
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4.7 Conclusion 
The aim of u s i n g an a n a l y s i s system, such as the 
one suggested by Van Hove, i s to f a c i l i t a t e the 
s e p a r a t i o n of resonemces and s p e c i f i c kinematic 
c o n f i g u r a t i o n s from a sample of data. As p a r t i c l e 
a c c e l e r a t o r e n e r g i e s i n c r e a s e , higher m u l t i p l i c i t y f i n a l 
s t a t e s are being analysed more f r e q u e n t l y and systematic 
methods of a n a l y s i s have i n c r e a s i n g advantages over the 
more conventional a n a l y s i s methods. 
The s e l e c t i o n of a p a r t i c u l a r Van Hove region has 
a s i m i l a r e f f e c t to an admittedly complex combination 
of conventional mass and momentum t r a n s f e r s e l e c t i o n s . 
For t h i s reason i t i s expected that d i s t o r t i o n of mom-
entum t r a n s f e r and angular decay d i s t r i b u t i o n s of 
resonances may occur. T h i s i s balanced by the system-
a t i c n a ture of the a n a l y s i s i n that the v/hole sample i s 
analysed i n one operation and an o v e r a l l p i c t u r e of the 
d a t a sample can be obtained. 
For t h e - p a r t i c u l a r data sample des c r i b e d i n t h i s 
T h e s i s the most s t r i k i n g o v e r a l l r e s u l t of Van Hove 
a n a l y s i s i s the v e r y high l e v e l of correspondence 
between the p r e d i c t i o n s of the simple Feynman diagrams 
and the type of events i n the appropriate regions. 
T h i s i s shown by the almost complete l a c k of resonance 
s i g n a l s i n ' i n c o r r e c t ' r e g i o n s . 
S p e c i f i c a l l y , w hile the a n a l y s i s does not appear to 
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improve the t r i p i o n resonances, i t proves e f f e c t i v e 
f o r the yO" and .A(l236) resonances which 
correspond to a co n s i d e r a b l e proportion of the t o t a l 
sample. The other notable success i s the se p a r a t i o n 
of the 'leading pion' events. The se p a r a t i o n of these 
events does not correspond to purely s e l e c t i n g events 
w i t h h i g h momenta s i n c e the TV"*" momentum 
d i s t r i b u t i o n w i t h these events removed extends to the 
kine m a t i c momentum l i m i t , w ith a shape s i m i l a r to that 
of the 'Tt*' momentum d i s t r i b u t i o n . 
For t h i s data sample, the Van Hove a n a l y s i s method 
has proved e f f e c t i v e i n s e p a r a t i n g most low mass 
resonances and c l e a r l y d i s p l a y s the advantages of 
sy s t e m a t i c a n a l y s i s methods. Since t h i s technique 
can be v e r y e a s i l y a p p l i e d , i t can be used, at the very 
l e a s t , f o r p r e l i m i n a r y a n a l y s i s of data. 
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CONCLUSION 
The f i r s t p a r t of t h i s t h e s i s has desc r i b e d 
b r i e f l y the procedures used to obtain a f i n a l sample 
of about 2000 events f i t t i n g the r e a c t i o n 
fC*"^ -*- p p TT"*" 7T "TT", T h i s sample was obtained by 
s e l e c t i o n from an o r i g i n a l sample of about 7000 f i t s . 
The r e j e c t e d 5000 f i t s do not contain any s i g n i f i c a n t 
enhancements corresponding to the above I c r e a c t i o n . 
The t o t a l c r o s s - s e c t i o n f o r the channel has been 
c a l c u l a t e d by another p a r t of the c o l l a b o r a t i o n 
( r e f . 2 ) , from which a 2000 event sample i m p l i e s a 
raicrobarn e q u i v a l e n t of 2.4 - 0.1 events/microbarn. 
Using t h i s f i n a l sample s e v e r a l f e a t u r e s of 
the data %irere presented i n Chapter 2. There i s 
c l e a r evidence f o r A , A , yO° , p^jO)" and r^ ** 
resonances, although most of these s i g n a l s are 
observed on a f a i r l y l a r g e background. The 
p o s s i b i l i t y of hig h e r mass N . resonances and a l s o 
A yO* and A yO** a s s o c i a t e d production was a l s o 
noted. liThile there i s an accumulation of events 
i n the F° mass region the d i s t r i b u t i o n does not 
have a resonance shape. 
Although the 4 prong events c l e a r l y provide a 
b e t t e r sample, the improved s t a t i s t i c s obtained by 
i n c l u d i n g the 3 prong events suggested an 
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i n v e s t i g a t i o n of the l a r g e r e r r o r s i n v o l v e d i n 
3 prong events as compared with 4 prong events. An 
account of t h i s i s given i n Appendix A and the 
r e s u l t s are summarised i n Table 2. T h i s shows that 
the absence of the s p e c t a t o r proton information has 
most e f f e c t on mass combinations i n c l u d i n g the 
7T° or , while having l e a s t e f f e c t on 
combinations i n v o l v i n g the f a s t proton. With t h i s 
i n mind the 3 prong events were r e t a i n e d but 
c o n t i n u a l l y checked f o r c o m p a t i b i l i t y with the 4 
prong events. 
Using the v a r i a b l e s defined i n Chapter 3» a . 
Van Hove a n a l y s i s of the data was performed, the 
r e s u l t s of virhich a r e d i s c u s s e d i n Chapter 4. 
A n a l y s i s u s i n g the j v a r i a b l e s has no 
e f f e c t on the low t r i p i o n mass d i s t r i b u t i o n which 
i n c l u d e s the CO** and »|® mesons and does not 
appear to separate any higher t r i p i o n mass 
resonances. However q u i t e good s e p a r a t i o n of the 
A and A baryons i s obtained and the yO 
s i g n a l i s a l s o c o n s i d e r a b l y improved. The sepa r a t i o n 
of the yO" meson i s e x c e l l e n t , comparison of f i g u r e s 
2-6(b) and 4-5(B) shows the l a r g e r e d u c t i o n i n back-
ground obtained. 
Another i n t e r e s t i n g f e a t u r e of the a n a l y s i s i s 
the s e p a r a t i o n of the 'leading pion' events i n t o the 
expected Van Hove re g i o n and the accompanying 
•double A ' production. 
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Perhaps the best t e s t of t h i s type of a n a l y s i s , 
however, i s to look f o r resonance s i g n a l s i n ' i n c o r r e c t ' 
Van Hove reg i o n s , i . e . s i g n a l s v/hich would not be 
p r e d i c t e d from the corresponding Feynmein diagram. 
There i s only one d i s c e r n i b l e s i g n a l of t h i s type 
which i s the r a t h e r poor yO** s i g n a l d i s p l a y e d i n 
F i g . 4-6(A). 
I n c o n c l u s i o n i t would appear that the Van Hove 
method of A n a l y s i s can be a powerful technique i n 
s e p a r a t i n g low mass resonances. 
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APPENDIX (A) 
There i s c o n s i d e r a b l e d i f f i c u l t y i n making an 
assessment of the e r r o r s introduced i n a three prong 
I c f i t when an unseen s p e c t a t o r proton i s included i n 
the GRIND s t a r t i n g v a l u e s as having zero momentum with 
r e l a t i v e l y l a r g e e r r o r s . Since the s p e c t a t o r i t s e l f 
i s of l i t t l e i n t e r e s t the most importeuit e f f e c t s w i l l 
occur v/hen the unseen Tf" i s i n v o l v e d . However, i t i s 
a l s o expected t h a t mass combinations which do not include 
the Ti^ would a l s o be a f f e c t e d to a c e r t a i n amount, 
s i n c e the o v e r a l l f i t t i n g e r r o r s w i l l be i n c r e a s e d 
r e l a t i v e to a normal I c f i t . 
I n order to attempt to estimate these e r r o r s , some 
four pronged events were r e f i t t e d with GRIND i n such a 
viay t h a t the seen s p e c t a t o r proton information was 
ignored and the event f i t t e d as a three prong. T h i s 
meant t h a t a d i r e c t comparison was p o s s i b l e between a 
fo u r prong event and a three prong 'event' which has 
i d e n t i c a l t r a c k i n f o r m a t i o n except that the s p e c t a t o r 
t r a c k i s 'unseen'. T h i s procedure c l e a r l y g i v e s an 
upper l i m i t to the e r r o r s introduced i n normal three 
prong f i t s s i n c e the s p e c t a t o r s which are ignored i n 
f i t t i n g four prongs as three prongs w i l l have higher 
momenta than the t r u l y unseen s p e c t a t o r s . The r e s u l t s 
of t h i s procedure c l e a r l y show the d i f f e r e n c e s between 
mass combinations i n c l u d i n g the Tf" and those which 
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do not i n v o l v e the Tt'* . I n order to obtain a 
b e t t e r i d e a of the true e r r o r s involved, only four 
prong events where the f i t t e d s p e c t a t o r has a momentian 
of l e s s than 120 MeV/c were used. The 'error' on a 
p a r t i c u l a r mass combination f o r a p a r t i c u l a r p a i r of 
f i t s was assumed to be the d i f f e r e n c e between the 
o r i g i n a l four prong mass and the 'four prong f i t t e d as 
a t h r e e prong' mass. These v a l u e s , i n general, were 
found to have a g a u s s i a n - l i k e d i s t r i b u t i o n , centred 
near to zero. The v a l u e s of the e r r o r , i n most cases, 
d i d not appear to have any strong dependance on the 
va l u e of the o r i g i n a l four prong mass combination. 
The means and standard d e v i a t i o n s of the e r r o r s f o r 
$ome of the mass combinations are shoxm i n Table 2. 
TABLE 2 
The R e s u l t s of R e f i t t i n g 4 Prong Events 
as 3 Prong 'Events', assuming G a u s s i a n - L i k e 
D i s t r i b u t i o n s f o r the ' E r r o r s ' 
^^....^^Parameters of 










T(- n" 4.0 26.0 
T<* T^" rr" 4.0 30.0 
Pn- 1.0 2.0 
P Tr ° 5.0 20.0 
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